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Lipogenic enzymes and rates of fatty acid synthesis in rats appear to be regulated not only by the level1,2), but also by the type of dietary fat1 -7) . Diets containing polyunsaturated fatty acids (essential fatty acids) may be more effective depressing hepatic lipogenesis to a greater extent than do diets primarily containing saturated fatty acids1,2).
The addition of fat to the diet also depresses hepatic fatty acid synthesis in the chick8-14). However, few studies haveinvolved the influence of dietary fat source on lipogenesis in the growing chick.
In the present study, we investigated the effects of dietary fat source on in vitro lipogenesis as measured by the incorporation of acetate-1-14C into fatty acids by liver slices of growing chicks. Also, the activities of enzymes involved in the pathways available for production of NADPH to support fatty acid biosynthesis were likewise studied.
Materials and Methods
One-day-old male meat-type chicks obtained from a local hatchery (Goto Poultry Farms, Gifu) were used in this study. They were housed in electrically-heated pens with raised wire floors and fed a commercial chick diet. Upon reaching the age of 40 days, they were weighed individually and grouped into four based on their weight range. Thereafter, they were randomly distributed to the different treatments with six chicks assigned to each treatment. They were then fasted for 12hr, after which each treatment was refed its assigned diet for 7 days. Feeding was ad libitum and water was available at all times. Room lights were on 12hr per day.
The composition of the experimental diets is given in Table 1 , while the fatty acid contents of safflower oil, coconut oil and tripalmitin were determined by the method described previously15) and are shown in Table 2 . Safflower oil, coconut oil and tripalmitin were substituted for sucrose on an approximately equal energy basis. These diets were made available throughout the refeeding period. At the termination of the experimental period, all the chicks were weighed for their final body weight and then sacrificed one by one by decapitation. Blood samples were collected from which serum was later extracted. Both the liver and the abdominal fat were immediately taken and weighed. The liver samples were temporarily placed in an ice-cold saline solution (0.9% NaCl) and were later on used to determine the rate of hepatic Lipogenesis.
The experimental procedures used to determine enzyme activities in the liver as well as the liver contents and the serum concentrations of various lipid fractions have been described previously14, 16, 17) . All the data were statistically analyzed using the "t-test".
Results
The effect of essential fatty acid (EFA)-deficient diets onbody weight, feed intake, carbohydrate intake, liver weight and abdominal fat deposition are shown in Table 3 .
Chicks fed the tripalmitin-containing diet had significantly lower body and abdominal fat weights than those fed the safflower oil-containing diet (control diet). Chicks fed the tripalmitin-containing or fat-free diet had significantly greater liver weight than those fed Table 2 .
Compositions of the fatty acids present in the safflower oil, coconut oil and tripalmitin the control diet. Table 4 shows the effect of EFA-deficient diets on concentrations of various lipids in the liver and serum of growing chicks.
The triglyceride content in the liver was significantly higher in chicks fed the tripalmitin-containing or fat-free diet than in those fed the control diet. The total cholesterol content in the liver was significantly higher in chicks fed the fat-free diet than in those fed the control diet. On the other hand, the phospholipid content in the liver was significantly lower in chicks fed the EFA-dificient diets than in those fed the control diet.
Concentrations of the triglyceride and phospholipid in the serum were significantly higher in chicks fed the fat-free diet than in those fed the control diet. The concentration of the total cholesterol in the serum was significantly higher in chicks fed the tripalmitin-containing or containing or fat-free diet than in those fed the control diet. The concentration of the non-esterified fatty acids in the serum was significantly lower in chicks fed the tripalmitincontaining or fat-free diet than in those fed the control diet.
The effect of EFA-deficient diets on 14CO2 production and lipogenesis from acetate-1-14C in liver slices of growing chicks is shown in Table 5 .
The oxidation of acetate-1-14C was not affected by treatments in growing chicks. The rate of incorporation of acetate-1-14C into fatty acids and glyceride-glycerol was significantly greater in chicks fed the tripalmitin-containing or fat-free diet than in those fed the control diet. Table 6 shows the effect of EFA-deficient diets on enzymatic activities in the liver of growing chicks.
Chicks fed the tripalmitin-containing or fat-free diet had a significantly increased activity of NADP-isocitrate dehydrogenase as compared with those fed the control diet. Activity of NADP-malic dehydrogenase was significantly higher in chicks fed the fat-free diet than in those fed the control diet. Activity of glucose-6-phosphate dehydrogenase was significantly higher in chicks fed the tripalmitin-containing or fat-free diet than in those fed the control diet. Activity of 6-phosphogluconate dehydrogenase was not affected by treatments in growing chicks.
Discussion
While many reports have previously illustrated the effectiveness of polyunsaturated fatty acids (essential fatty acids) in depressing hepatic lipogenesis1,2), few studies have dealt with the mechanisms by which polyunsaturated fatty acids might exert their effects, distinct from those of saturated fatty acids. In the present experiment, the increase in lipogenesis elicited by the fat-free diet may be explained by the increase in carbohydrate intake which in turn increased the co-factors necessary for fatty acid synthesis (acetyl-CoA, ATP, citrate and NADPH). However, at an almost constant carbohydrate intake, safflower oil (control) was more effective than tripalmitin in depressing lipogenesis.
It is clear that the degree of saturation of the fatty acid affects its absorption18).
Therefore, one mechanism through which essential fatty acids might exert specific effects, separate from those observed with long saturated fat, on hepatic lipogenesis may be related to their efficiency of absorption. ROMSOS et all.8) have reported that the apparent absorption of tripalmitin and safflower oil in chicks was 45% and 94%, respectively. In the present experiment, that tripalmitin was not absorbed as efficiently as safflower oil was evidenced by the greater body weight gain that resulted when safflower oil was fed, even though feed intake was similar for both the diets. Furthermore, the concentration of the non-esterified fatty acids in the serum was significantly lower in chicks fed tripalmitin than in those fed safflower oil. Again, such a decrease in the non-esterified fatty acids concentration of the serum in chicks fed tripalmitin can be attributed to the poor absorption of tripalmitin. Failure to consider variations in absorbability of saturated and unsaturated triglycerides may contribute to the lack of inhibitory response of hepatic fatty acid synthesis noted in chicks fed tripalmitin.
Hepatic long-chain acyl CoA derivatives are capable of inhibiting lipogenesis by inhibiting acetyl-CoA carboxylase activity, inhibiting citrate transport from the mitochondria and competing with the citrate cleavage reaction for free CoA19). Since the circulating non-esterified fatty acids concentration generally reflect hepatic long-chain acyl CoA levels, it seems reasonable to suggest that safflower oil exerts its specific action on hepatic lipogenesis by increasing hepatic long-chain acyl CoA levels to a greater extent than do saturated fatty acids.
Summary
The effects of dietary essential fatty acid deficiency on the rate of lipogenesis and activities of lipogenic enzymes of the liver were investigated in growing chicks.
Compared with the control, chicks fed the tripalmitin-containing or fat-free diet had significantly higher liver triglyceride content. In contrast, chicks fed the EFA-deficient diets had significantly lower phospholipid content in the liver. The triglyceride and phospholipid concentrations in the serum were significantly higher in chicks fed the fat-free diets than in those fed the control diet. Likewise, chicks fed the tripalmitin-containing or fat-free diet had significantly greater total cholesterol, but significantly lower non-esterified fatty acids, concentration in the serum than the control birds.
The rate of incorporation of acetate-1-14C into the fatty acids and glyceride-glycerol was significantly higher in chicks fed the tripalmitin-containing or fat-free diet than in those fed the control diet. On the other hand, chicks fed the tripalmitin-containing or fat-free diet had significantly decreased NADP-isocitrate dehydrogenase, but significantly increased glucose-6-phosphate dehydrogenase, activity in the liver. NADP-malic dehydrogenase activity in the liver was significantly higher in chicks fed the fat-free diet than in those fed the control diet.
